1. Introduction {#sec1}
===============

Benign Paroxysmal Positional Vertigo (BPPV) is the most frequent vestibular disorder, with a life time prevalence of 10% ([@bib84]). It is characterized by rotational vertigo induced by head position changes, especially when extending or turning the neck, lying down or rolling over in bed.

There are two accepted theories supporting BPPV, known as canalolithiasis and cupulolithiasis ([@bib37], [@bib39]).

Canalolithiaisis refers to the presence of cumulates of otolith rests that are free into the canals. Whereas they are displaced according to the head movements, an endolymphatic current that abnormally stimulates the cupula is generated, leading to clinical symptoms.

Cupulolithiasis involves a deposit of otolith rests adhered to the cupula of the canal, changing its specific gravity. Thus, the cupula is made sensible to linear accelerations, such as the acceleration of gravity.

Canalolithiasis are more frequent than cupulolithiasis, as the former needs less mass to be symptomatic. It has been calculated that a mass of particles of 0,087 ug are required for a canalolithiasis in contrast to cupulolithiasis, that needs a mass of at least 0,69 ug to be provoqued ([@bib39]).

These two variants of BPPV means different characteristics of the nystagmus elicited by the provoking manoeuvres. Canalolithiasis nystagmus is brief (lasting less than a minute), paroxysmal and it is preceded by a latency of few seconds. On the contrary, cupulolithiasis nystagmus has no latency or a brief one and lasts more than a minute.

Recently, the *Committee for the Classification of Vestibular Disorders of the Bárány Society* has stablished the criteria for the diagnosis of benign paroxysmal positional vertigo ([@bib83]). It is based upon physiopathology, considering canalolithiasis and cupololthiasis of every canal as different sub-entities. Although BPPV might affect every canal, this document only recognizes the forms that have been documented by eye movements recording. Thus, cupulolithiasis of the anterior canal has not been considered.

Diagnosis of BPPV is made by specific test that exposes each canal to gravity, causing a nystagmus that matches the stimulation of the canal. A canalolithiasis or a cupulolithiasis will be determined by the latency and the duration of the nystagmus.

Given that the treatment of choice for BPPV, the repositioning manoeuvres, are intended to move the particles from the semi-circular canals to the utriculus, diagnosis is crucial for the treatment planning.

2. Treatment of the posterior canal canalolithiasis (pc-BPPV) {#sec2}
=============================================================

Posterior canal canalolithiasis is the most frequent variant of BPPV, accounting for 80--90% of cases. It is diagnosed when a Dik-Hallpike or a side-lying test elicits a torsional nystagmus with the upper pole of the eyes beating toward the lower ear combined with vertical nystagmus beating upward, that lasts less than a minute and is precluded by a short latency ([@bib83]).

It has been extensively proved that [@bib26] ([Fig. 1](#fig1){ref-type="fig"}) and Semont ([@bib71]) ([Fig. 2](#fig2){ref-type="fig"}) manoeuvres are both suitable for treating pc-BPPV. The results, measured as the number of manoeuvres required for clearing the symptoms and the nystagmus, are comparable ([@bib28], [@bib34], [@bib55]). Only a small difference was found in the posterior to horizontal canal switch rate between both manoeuvres, being slightly more frequent in Epley manoeuvre than in Semont one ([@bib3]). Given that speed of rotation is critical for a successful Semont manoeuvre whereas adequate neck extension and flexibility is required for a successful Epley treatment ([@bib27]), choosing one of them depends on the particular features of the patients, such as weight or neck mobility.Fig. 1Epley manoeuvre for treating posterior canal canalolithiasis (depicted for a right-sided pc-BPPV). 1) The patient is seated with the head turned 45° to the affected side (right in this case). 2) The patient is tilted back with the neck in slight extension. 3) The head is turned 90° to the healthy (left in this example) side. 4) The entire body is rotated 90° until the patient is laying on the healthy side, while keeping the head position against the trunk. 5) The patient is raised to the initial position. Then the head is turned towards the front. Each position is maintained 1 min or until the induced nystagmus has extinguished.Fig. 1Fig. 2Semont manoeuvre for treating posterior canal canalolithiasis (exemplified for a right-sided pc-BPPV). 1) The patient is seated with the head turned 45° to the healthy side (left in this case). 2) The patient is quickly moved to lie on the affected side (right in this picture). 3) The patient is suddenly turned 180° to lay on the unaffected side while maintaining the position of the head relative to the trunk. 4) The patient is raised to the initial position.Fig. 2

Brandt-Daroff exercises cannot be considered as first choice treatment because it has been proved to be significantly less effective than Epley and Semont procedures ([@bib1], [@bib77]). Brandt-Daroff exercises are designed to disperse the canaliths and to increase the patient\'s tolerances for the BPPV symptoms; thus, they cannot be classified as a repositioning procedure. Nevertheless, Brandt-Daroff exercises might be useful in selected cases combined to Epley or Semont manoeuvres ([@bib76]).

For successful repositioning, the particles should be moved away from the ampulla to the dependent position during each step of the Epley or the Semont manoeuvres ([@bib27]). This means that a nystagmus indicating ampullofugal migration may be observed ([@bib25]). This nystagmus, beating upward with a torsional component toward the involved ear, is called orthotropic nystagmus and is a sign of an appropriate migration of the particles toward the utriculus ([@bib30], [@bib61], [@bib74]). While the appearance of the orthotropic nystagmus is a sign of good prognosis, the lack of such nystagmus does not mean that the manoeuvre will not be effective. This absence of nystagmus could be due to otoconial debris disintegration so that a correct displacement is nevertheless incapable of generating a sufficient endolymph flow to trigger an observable nystagmus ([@bib30], [@bib61], [@bib74]). Conversely, a reversed pattern of positioning nystagmus during the manoeuvre indicates a ampullopetal migration of the debris and points to a repositioning failure ([@bib30], [@bib61], [@bib74]).

In sum, for an optimal control of its realization, the observation of the nystagmus during the therapeutic manoeuvres is highly recommended ([@bib65]).

The original description of the Epley manoeuvre included the use of a mastoid vibrator device. The mastoid vibration would contribute to disperse the particles that form the canalith, helping the manoeuvre to resolve the BPPV. Macias et al. found no evidence of benefit for mastoid oscillation applied during the Epley manoeuvre ([@bib56]) and a Cochrane review has supported this statement ([@bib40]). However, the mastoid oscillation may help to mobilize the particles when they are jamming within the canal (the so called canalith jam) ([@bib25]).

Epley also recommended patients to keep their heads upright for two days following the procedure, in order to prevent particles from moving back to the posterior canal ([@bib26]). With this aim in mind, other classical restrictions have been stated, such as to avoid sudden head movements, to wear a cervical collar and to avoid lying on the affected side ([@bib14]). Several studies have been conducted to clarify this topic, most of them failing to show a benefit from postural restrictions ([@bib17], [@bib21], [@bib23], [@bib31], [@bib32], [@bib58], [@bib59], [@bib62], [@bib69]). In a Cochrane review ([@bib40]), the conclusion is that there is a statistically significant effect of post-Epley postural restrictions in comparison to Epley manoeuvre alone (Semont manoeuvre was not evaluated in this study), but the improvement in treatment efficacy is very small.

Since [@bib29] published their results, it has been widely accepted that performing the provocative testing just after the completion of the treatment will favour the particles to flow back into the posterior canal or to enter in another canal. Although Gordon et al. ([@bib33]), in a previous study found that a single session of repeated manoeuvres seemed to be superior to one single procedure and well tolerated, this issue has not been extensively studied. Nowadays the usual practice is to perform a single therapeutic manoeuvre by session.

There is no consensus about the optimal time to test the effectivity of the manoeuvre. On one hand, to do it immediately may favour the reflux of the canalith and repeated positioning may also show a false successful treatment due to a fatigue response ([@bib29], [@bib35]). On the other hand, 30% of the patients with pc-BPPV may experience a spontaneous remission after a week ([@bib43]), resulting in a successful result, wrongly attributed to the treatment manoeuvre. Even more, a long-term trial may show a false positive provoking test due to a recurrence ([@bib35]). When a canalith enters the utriculus it is expected to be dissolved in the low calcium containing normal endolymph. As normal endolymph can dissolve an otoconia in about 20 h ([@bib89]), the empiric period of 24 h suggested by some authors should be appropriate. Nevertheless, the optimal time interval between treatment and outcome assessment has not been yet stablished.

Pc-BPPV is usually resolved with one to three manoeuvres ([@bib72], [@bib76], [@bib79]), being considered a benign disease. But sometimes daily practice supply clinicians with difficult cases, the so called intractable BPPV([@bib19], [@bib38]). Intractable BPPV comprises 1) persistent BPPV (which continues despite appropriate physical therapy), and 2) recurrent BPPV (frequent relapses after the disappearance of the initial symptoms and nystagmus). The incidence of persistent BPPV has been estimated for 12.5% and recurrent BPPV for 10--25% ([@bib19], [@bib66], [@bib76]).

During the last few years many factors involved in the intractability of BPPV have emerged. Potential risk factors associated to the BPPV treatment failure are: age over 50 years old, secondary BPPV, head trauma, the concurrency of comorbidities such as diabetes, hypertension and osteoarthrosis, ductal inflammatory narrowness, osteoporosis and vitamin D deficiency ([@bib10], [@bib11], [@bib22], [@bib60], [@bib63], [@bib66], [@bib80]).

Intractable BPPV management is mainly based on repeating repositioning manoeuvres. Recently, treatments based upon the putative risk factors of intractability have merged, such as corticosteroid intratympanic treatment ([@bib67]) and D vitamin intake ([@bib81]). Surgical treatments, such as posterior canal blocking and singular nerve section, should be the final step ([@bib50], [@bib54]).

3. Treatment of the horizontal canal BPPVs {#sec3}
==========================================

Horizontal canal canalolithiasis (hc-BPPV) is diagnosed when the supine roll test elicits a horizontal nystagmus beating toward the undermost ear (geotropic direction changing nystagmus), after a brief latency or no latency and lasting less than a minute. Horizontal canal cupulolithiasis (hc-BPPV-cu) is diagnosed when the supine roll test provokes a nystagmus beating horizontally to the uppermost ear (apogeotropic direction changing nystagmus), after a brief latency or no latency and lasting more than a minute ([@bib83]).

A third variant may be considered. It is the canalolithiasis of the anterior arm of the horizontal canal. The diagnosis is based on the supine roll test eliciting a horizontal nystagmus beating towards the uppermost ear (apogeotropic direction changing nystagmus), after a brief latency or no latency and lasting less than a minute ([@bib9], [@bib65]).

Apogeotropic and geotropic variants have similar treatments but very different positions are concerned. Besides, knowing the affected side plays a crucial role in the manoeuvre development ([@bib65]). The pathologic ear can be identified by applying the Ewald\'s second law: the quick phases of the most intense nystagmus point to the affected side ([@bib65], [@bib83]); but, many times it is difficult to recognize the stronger nystagmus. The bow and lean manoeuvre ([@bib20], [@bib47], [@bib53]; [@bib83]; [@bib87]) may be very useful and, in case of cupulolithiasis, the pseudospontaneous nystagmus ([@bib6], [@bib7], [@bib83]) can also help to identify the pathologic side.

Because horizontal canal BPPV is less frequent than pc-BPPV, there are less series about its treatment. Several therapeutic procedures have been described ([@bib51], [@bib8], [@bib68]), although Gufoni\'s manoeuvres and Lempert manoeuvre (barbeque manoeuvre, [Fig. 3](#fig3){ref-type="fig"}), together with head shacking manoeuvre, have been tested using prospective, randomized and placebo-controlled trials ([@bib45], [@bib49]; [@bib57]). Other manoeuvres to be mentioned are Forced Prolonged Position ([@bib18]) or the modification to the barbeque procedure proposed by Tirelli ([@bib82]) ([Fig. 4](#fig4){ref-type="fig"}).Fig. 3Lempert (Barbeque) manoeuvre for treating horizontal canalolithiasis (depicted for a right-sided hc-BPPV). 1) Starting supine position. 2) Head rotation toward the healthy side. 3) Head rotation the nose down position. 4) Final head turn to the affected-ear-down position and sitting up. (The body is rotated between the head movements). Each position is maintained for 60 s or until the provoked nystagmus is dissipated. If the manoeuvre is going well, the quick phases of the nystagmus should beat to the healthy side (ampullofugal nystagmus).Fig. 3Fig. 4Tirelli manoeuvre for treating horizontal canal cupulolithiasis (depicted for a right cupulolithiasis). 1) Starting supine position. 2) The head is first rotated to the affected side. 3) The head is rotated to the healthy side. 4) Head rotation the nose down position. 5) Final head turn to the affected-ear-down position and sitting up. (The body is rotated between the head movements). Each position is maintained for 60 s or until the provoked nystagmus is dissipated. If the manoeuvre is going well, the quick phases of the nystagmus should beat to the healthy side (ampullofugal nystagmus).Fig. 4

Gufoni\'s manoeuvres deserve special attention since two types of Gufoni\'s treatments can be considered and certain confusion may be caused. The first Gufoni manoeuvre was described for treating horizontal canal canalolithiasis and sometimes it is called Gufoni for the geotropic variant manoeuvre ([@bib5]) ([Fig. 5](#fig5){ref-type="fig"}). But there is a second variant, at times named as Gufoni for the apogeotropic variant, designed for treating horizontal canal cupulolithiasis or anterior arm canalolithiasis ([@bib4]).Most of the times Gufoni Manoeuvre, without any other description, is simply cited. As the first description of this variant was done by Appiani and cols ([@bib4]), we suggest employing the term Appiani manoeuvre for a better understanding of the treatment that is being described ([Fig. 6](#fig6){ref-type="fig"}).Fig. 5Gufoni manoeuvre for treating canalolithiasis of the horizontal canal (depicted for a right-sided hc-BPPV). 1) Patient seated head-straight 2) The patient is brought down on the healthy side from the sitting position. 3) The head is turned down 45° (nose is on the bed). 4) The patient is returned to the upright position. Each position is maintained for 60 s or until the provoked nystagmus is dissipated. If the manoeuvre is going well, the quick phases of the nystagmus should beat to the healthy side (ampullofugal nystagmus).Fig. 5Fig. 6Appiani manoeuvre for treating cupulolithiasis and anterior arm canalolithiasis of the horizontal canal (depicted for a right-sided horizontal canal cupulolithiasis). 1) The patient is seated head-straight. 2) The patient is brought down on the affected side from the sitting position. 3) The head is turned 45° upright (nose directed upward). 4) The patient is returned to the upright position. Notice that the canalith may just reach the posterior arm of the canal, instead of attaining the utriculus. Each position is maintained for 60 s or until the provoked nystagmus is dissipated. If the manoeuvre is going well, the quick phases of the nystagmus should beat to the healthy side (ampullofugal nystagmus).Fig. 6

Hc-BPPV can be resolved with a single manoeuvre such as Lempert or Gufoni manoeuvres ([@bib49], [@bib8]). But hc-BPPV-cu or the canalolithiasis of the anterior arm may need a second procedure, provided that many times the initial procedure moves the canalith just to the posterior arm of the canal, converting an apogeotropic form in a geotropic one ([@bib45]). In fact, the original description of the Appiani manoeuvre includes a subsequent Gufoni manoeuvre to complete de treatment ([@bib4]). An excellent procedure to test the manoeuvre is the bow and lean test; once the affected side is known, this test can be useful to check for persistence of particles inside the horizontal canal and to know if they have reached its posterior arm. For example, a right hc-BPPV-cu would show a right-beating nystagmus when bending and a left-beating nystagmus when bowing; If the treatment has lead the canalith to the posterior arm of the canal, then the nystagmus should be right-beating when bowing and left-beating when leaning (besides, the nystagmus should be shorter as it is expected for a canalolithiasis).

The questions about the proper time to evaluate the effectiveness of the treatment or the relevance of post-manoeuvre restrictions have not been taken into consideration for the horizontal canal BPPV. The number of the manoeuvres by session has not been studied yet. Bearing in mind that the horizontal canal is the most exposed to natural head movements it has been said that its incidence is underestimated because it easily recovers in a spontaneous way (up to 50% of patients suffering for horizontal canal BPPV may experience a spontaneous remission after a week) ([@bib43]); in fact, horizontal canal is the most frequent target for the debris to re-entering after treating other canals BPPV([@bib25], [@bib79]). The effectivity of the treatment manoeuvres is slightly inferior for the horizonal canal than for the posterior one as well, especially for the cupulolithiasis ([@bib45], [@bib49]). Thus, some intriguing questions regarding the horizontal canal BPPV behaviour are yet waiting to be clarified.

Recently, two types of cupulopathy, the so called light and heavy cupula, have merged as possible subjects for the differential diagnosis with horizontal canal BPPV. The heavy cupula would match exactly the diagnostic criteria for cupulolithiasis of the horizontal canal and the light cupula would be like a canalolithiasis but the nystagmus is persistent, without latency and a pseudo-spontaneous nystagmus beating to the healthy side is showed. Obviously, since they are not BPPV forms, these cupulopathies will be resistant to repositioning manoeuvres ([@bib36], [@bib41], [@bib42], [@bib48], [@bib46], [@bib70]).

4. Treatment of canalolithiasis of the anterior canal (ac-BPPV) {#sec4}
===============================================================

Canalolithiasis of the anterior canal is rare, probably related to the anatomical orientation of the canal ([@bib75]). The diagnosis is made by the Dix-Hallpike test and/or the straight head-hanging position. These tests elicit a nystagmus that beats predominantly vertically downward after a latency of few seconds and lasts less than a minute. This nystagmus has a torsional component which defines the affected side, since both Dix-Hallpike tests and the straight head-hanging test stimulate both anterior canals at the same time. The torsional component should be clockwise when the BPPV lies in the left side and counterclockwise when it is in the right one. But, many times, this torsional component is difficult to notice ([@bib65], [@bib83]).

Perhaps due to the mentioned diagnostic difficulties, the most popular therapeutic procedure is the manoeuvre described by Yacovino y cols ([@bib85]) ([Fig. 7](#fig7){ref-type="fig"}). This manoeuvre is independent of the affected side. The exact effectiveness of this manoeuvre and, in general, of various manoeuvres described for treating the ac-BPPV is unknown, since appropriate series or double-blind controlled studies have not been yet performed ([@bib2], [@bib16], [@bib88]).Fig. 7Yacovino manoeuvre for treating canalolithiasis of the anterior canal (for both, left and right-sided anterior canal BPPV). 1) Patient sitting head straight. 2) The patient is brought backward to the head-hanging position. 3) The head is moved forward "chin to chest". 4) The patient is returned to the sitting position. Each position is maintained for 30 s.Fig. 7

However, it is advisable to be very cautious when diagnosing an anterior canal BPPV, since it may be difficult to differentiate from central positional vertigo ([@bib12], [@bib13], [@bib52], [@bib73]). If the therapeutic essays are unsuccessful, a central nervous system disease should be ruled out ([@bib83]).

It is not still clear if the anterior canal BPPV is under or overestimated. There are several reports describing downbeat persistent nystagmus, with or without an appreciable torsional component, lasting, in general, more than a minute and frequently without latency ([@bib1], [@bib15], [@bib44]; [@bib83]; [@bib64], [@bib78], [@bib86]). It has been claimed that, related to the anterior canal, cupulolithiasis should be more frequent than canalolithiasis, especially in posttraumatic cases ([@bib24]). But, to date, we cannot state that the cupulolithiasis of the anterior canal has been already documented ([@bib83]).

As a corollary, BPPV treatment needs an accurate diagnosis, always based upon the observation of the characteristic nystagmus that points to the affected canal. Some interesting questions regarding BPPV treatment are still vague. Unifying the diagnostic criteria may help to plan accurate research studies leading to clarify the pending questions.
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